A , - - "t e o ol et b

Declassified in Part - Sanitized Copy Approved for Release 2011/10/25 : CIA-RDP80-00809A000700100309-6
I
MAR 1952 SimelC e
‘. ‘ can OFFIGIAL USE GALY
71 FOD CLASSIFICATION TED FOR Ol
' FILE CENTRAL Wﬁ%ﬁw REPORT - STAT
e i INFORMATION FROM
- ' cﬂPY FOREIGN DOCUMENTS OR RADIO BROADCASTS  CD NO. ; N
COUNTRY USSR DATE OF \ ;
- 1952
SUBJECT Scientific - Chemistry, nitro compounds INFORMATIO 5
How DATE DIST. 2§ Jan 1953
: PUBLISHED Thrice-monthly periodical 1
e WHERE

NO. OF PAGES &

we | UNCLASSIFIED

PUBLISHED  Mar 1952 .

LANGUAGE FEBY 4 Mm i) | suepement 1o ‘
Russian i REPORT NO.

FOR OFFICIAL USE ONLY i

1% 11 CocuuCnT ConT s R Oy o WATIONAL DCIENH(]
Jo7 THE UNITEO sTates, wivnin TuCwEaNInG OF TiTLE 10, stETiONS 793
AND 784, OF TME U.3. CODK, 43 IMINDID. (TS TRANSHISSION CN REvE. [
QLo 710w 07 (178 contents 10 on mLeeers wy s unautron 260 Peason 3]

THIS IS UNEVALUATED INFORMATION

SOURCE Doklady Academii Nauk, SSSR, Vol LXXXIII Ko 1, 1952, pp 101-10%.

MECHANISM OF TEE NITRATION AND OXIDATION O¥ CYCLOHEXANE

A.I. Titov and M.K. Matveyeva

From the standpoint of classical organic chemistry, the aitration of eyclo-
hexane with nitric acid was investigated by V.V, Markcvnikov (1), Aschan (2),
and in more detail by 5.5. Numetkin (3). The chief products of the reaction
vere nitrocyclohexane and adipic acid.

Our theory of nitrating the paratfin chain {4) explained the mzchanism of .
the reaction between cyclohexane and nitric acid, permitied us to establish i
that nitrogen dioxide is & more effective uitrating and oxidizing agent [than
nitric ac1§7 ,» and uncovered a series of other chemical pkenomena ir this £i:14.

On the bdsis of our theory, the chemical processes in the nitration of
¢yclohexane under ordinery conditions may be formulated triefly as follows:

Hitric mseid by itself does not react with cyclohexane but Bserves only as
a source for the formation of oxides of ritrogen from lower oxides by the
equations:

EHN(J_-, + NOZ!3H0, + By0, l-m03 + HNOZ:_’ 2ROy B0 (1)
Just as vith oxides of nitrogen and nitric acid, the first stage of the ra-
action with cyclohexane is an atitack by a monomer of nitrogen dioxide im the
form of a.radical on the hydrocarbon, leading to the Pormation of free cyclo-
hexyl; this is shown as followa:
06 Ell—— H+ N02—>csﬁll. ..H. ..NO& ——>C6Hll. + ..'1“02 (2)

Cyelohexyl immediately reomets with nitrogen dioxide, Ziving a mixture of
the nitre compound and the nitrite , as followa:

! /‘CGHll" NOZ
CgHyy. + 0280, (3)
CgHyp — ONO
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Under special) conditions » the interaction of cyclohexyl with NO, No0y, and
HNO3 ¢an play a significant role,

_ Nitrocyclohexane, formed by equation {3}, 15 almost entir
thé and procucts of the reaction.
equilibrium reaction with vater:

ely preserved in
Cyclohexyl nitrite rapidly enters into an

CgH;10NO + H.0 ;‘_’.YGHllOH + EAO, (1)
The cyclohexanol that is formed oxidizes quite readily into adipic acid and
then is esterified by the latter, 1i.s. ; 1nto acid ard neutral cyclchexyl adipates;
cyclohexyl nitrate 18 formed in an &0alogous fazhion. [n accordanee vith theory

and chemical experiments, eaters of cyclonexanol are more stadble to the action
of oxidizing egents than the free alcohol.

In agreement with thege conclusions,
mitric acid, which is free of oxidez of
purposes, with c¢yclohexmne under any cf
action between cyclohexane and nitrogen
extent even at room temperature and is a
to carry out tbe reaction at 100°%, one houwr of heating 1s sufficient. The re-
action with nitrogen dioxide yields the same preducts as the one with nitric acid.
Heating cyclohexane at 1000 vwith a large excess of nitrogen dioxide can lead to
en explosion. This is pro’bab%y due to the chulr reastion C‘éEn + H+ No§ _.Cs}]ll.;

CgH11. + R0y CgHq110N0 + NOs etc. and to the development of aubsequent oxidation
processes, :

we establilished experimentally that
aitrcgen, does not react, for practieal
the mcst diverse conditions. The re-
dioxide takes place to a noticeable
1most completed after 2 monthst standing;

Nitration and oxid

ation of ¢yclohexane vith nitric acid took place only in 4
the presence of nitroge

) n dioxide, and to an extent proportional to the quantivy
of the latter, Tt is interesting that addition of nitric acid, even of a specific
gravity of 1.3, to nitrogen dioxid

& reduced the nitrating and oxidizing activitics f
of nitrogen dioxide, -
The explanation of the role =f oxides of nitrogen permitted understanding * s

the sdvantages oI the nitravic

G of cy:lohexan: in sealed tubves by the Konovaloe-
Rawetkin methcd and led us to a series of npew roelusions which were confirmed
by experiment. Con:ideration of the role of diffusion of nitrogen oxides from
the hydrocarbon dayer into the acid layer ard of nitrogen dicxide in the oppo-
site direction led us to the idea of the importance of the dimensions of the
interface hetween thue acid aga kydroiarvon phaszs and of the height of the
layers to the rate and direction of the renciion. In accordunce with this, 1t
developed that the total yield of the reaction when the tutes wvere Placed in a
horizontal position was Z-3 times greater than when they were placed in a
vertical position, and that the difference wetweza the yields vas greatest

vhen the amount of nitzogen dioxide Tirst added wax least. The ¥y1eld of adipie
acid, ia agreement wigh theory, increasea wore than that of the aitro compound ;
lo some experiments, its yield wes almost five times greater., The effect cf
fuetora of this kind hed not beep noted Dy previcas investigators; iu the Jiter-
cture there are even direct statemerts in regard to carrying sut the nitration
by Konovalev's method in wertically piaced tupes.

The radical-molecular sharaciar of Lhe react
by establishing that the react ion vook vlace in
acid phuse und by the absence of 4ny acceleratig
and aprotonic acids (R.30;, A1013'i snd wercury &

‘on ¥as additionally confirmed
the nydrecarbon and not in the

g action of additions of protonic
alte.

The experimental prosf of oux bypotheses of the mechanism of formation of
oxjdation products wes begun by clarifying the chemical behavior of the previously
uninown ¢yclobexyl nitrite. Tt developed that this nitrite decomposed merely on
standing into a mixture of cyclohexarcl, adipic acid, and the previously unde-
acribed mono and dicyelohexyl adipates, presumadly cyclchexanone, dicyclohexyl
ether, and esters of lover dlearboxylic acids were aiso prezent in the mixtwre.
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We then succeeded in establishing the formation of cyclchexyl nitrite and
the above-mentioned products of its decomposition during the reaction between
cyclohéxane ané nitrogen dioxide under mild conditions produced by heating for
.one h'cmr_in ‘the presence of a large excess of the hydrocarbon. For the quali-
tative and quantitative determination of cyclohexyl nitrite in the products of
the reaction and the separated frections, its capacity to diazotize sulfanilic
: acid wae utilized. With the aild of this reaction, the formation of nitrites
Was similarly established in the anglegous vade with n-pentane, In the reaction
between eyclohexane and nitric acid , and rinally, in the case vhen the reaction
vas carried out in the gaseous phase.

Investigation of the neutral portion of the reaction products of one of the
experiments on nitrati~g cyeichexane with nltrogen diexides st wild conditions, H
shoved that this portion consists ¢ roughly 50 mol % of uitrocyclchexane, 8% of
cyclohexyl nitrite and 8 of eyrichexanol, 20 of adipic acll, and 14¢ of various
esters of cyclohexancl. One fracticn zcntained about 304 of c¢ytlohexyl nitrite
and 60% of cyclokexanol, Judging from the comoined results of dlazotization with
sulfanilic acid, oxidation under mild ~ondiiisps into adipic ac1d, apd isoiatiun
of cyclohexyl-3,5-dinitrotenzoate {melting point , 1129) resulting from the action
of 3,5~dinitrcbenzoyl chloride. Dicyclohexyl adipate was isolated in thie experi-

. went in the crystalline state from the jast frantion ottained by distilling the
reaction product freed of the acids.

Except for nitrocyclohexane, whick iy siable to oxidation, all the cther
fracticns of the neutral part of the reactlon products were caslly converted to
adipic-esid with nitric acid. This explains the formation of almost equimolecular
quantities of nitrocyelchexane ard adipie acid in addition to lower homologues
under ordinery, rather severe nitrating conditione. These. experimentel results
also agree with the otaserved similarity of the composition of acids formed during
the oxidation of cyelohexanol with nitrie acid (5) on the onc hand and the oxi-
dation of cyclohexane (3) on the other hand.

ALl of these experimental data leave no doubt &g to the accuracy of the
basic aspects of our theory of nitrating cycliohexanz ana its applicability to
the mechaniem of the formation of coxidatisn rroducts. We also found experimental
coufirmation of other aspects of our theury. For example, il was found that whea
the tota) concentratina cf nitrogen dicxice 1is intreased, the yieid of oxidation
vrelucts 18 incremsed and the yisld of nitrocysloheuane is reduced, since the
probability of collisions between ey<lotexane and dimers of nitrogen dioxide ie
increased when this haprens, leading to the formation of cyclohexyl nitrite only,
In nitration experiments with KoOY at 60°, a small quantity of cyclohexyl nitrate ;
vas 1soclated. It had u boiling point of 96 - 98° at L0 mm. i

A
We will give a thort desceription of some of the experiments that clarify 1
the formation mechanism of cxidat lon produsts of cyclohexane. {For the re-
xalning experivental data, see (6).)

nitrite vas synthesized from cyclehexanol in the usual muaner., It formed a
2lightly yellowish 1iquid vith a boiling point of 40 - SLO, Pprog 69.8 g of

the nitrite, 2.6 g of pure adipic acid were 1solated after 60 days of standing.
Extraction with a soda solution yielded an additional 0.3 g of the acid and
with 5% cawstic alkali, nearly 7 g of crade &acid, i.e., cyclohexyl adipate

were obtalned. Distilling tne residue at 4O am yielde@ the following fractions:
1, 53 - 557, 2T.k g; II, 55 - 71°, Lk g III, 77 - 95O, 5.1 & {syrlohexanol);
at 5m; IV, 70 - 100°, 6.9 g; V, 120 - 170°, 1.2 g; amd VI, 205°J 1.5 g. The
last fraction yielded crystals pelting abt %6° tdentical with dicyclohexyl adipate
obtained synthetically hy heating 5 g of adipic mcid witk 5.2 g of cyclchexanol
at 1359 for 10 hours (yield of acld, l.e., ester, 3.1 g; neuiral ester, 3.5 g).

1
1. Cyclohexyl nitrite and 1ika sportaneous decomposition. Cyclohexyl {
f
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2. Evidences of the formation of cyclohexyl nitrite and the products of its s [
decomposition in the nitration of cyelohexsre, Eighty milliliters of ¢yclohexane |

. end 12 ml of nitrogen dioxide were heated for one hour at 100° in four sealed’
! tubes, each having a volume of 90 ml. On cooling, 3.6 g of adipic acid were iso-
) lated from the reaction misture. After acidifylng the soda extract, a 1little

i more of a mixture of crystalline acids wae removed, and vwith a cavstic alkali
extraction, an oil having the properties of acid, i.e., cyclohexyl adipate was
removed. DNistillation of the meutral residue yielded 52 m) of cyclohexane
(fraction T), fraction IT and IIT at 40 m, and the following fractions at S mm:
II, 45 - 709, 1.5 g; III, 100 - 110°, 8.5 g; IV, 110 - 1409, 1,7 g; v, 200°, 0.3
Fraction II consisted chiefly of cyclohexyl nitrite and cyclohexanol, Of this
fraction 0.362 g was mixed with 10 ml of '0.25 N aolution of sulfanilic acid;
after acidification end agitation for ome hal? hour, 6,4 ml [of & standard so- : b
lution/ were spent on ihe back titration, which corresponds to 30.4% nitrite.
An amount of 0,302 g of the same fraction reacted rapidly vith 5 md HROB of 8.8,
1.2. Here, 0.08 g of pure, 0.26 g of crude adipic acid, and 0.07 g of Aitro-
,eyclohexane were obtained, which corresponds to 52.4% of cyclohexanol, sfter
allowing for the nitrite; the latter was also isolated as 3,5-dinitrobenzoate of
8 melting point of 1120, The total cortent ot cyclohexyl nitrite in all the

fractions, as determined by the diazo method, wvas 1 g, or 7% of the spent hydro-
carbon. '

According to tue data on oxidation With nitric acid, fraction 1II containad i
about 1% of cyclohexanol and cyclohexyl nitrate and 854 o2 nitrocyclohexane.
Fraction IV consisted chiefly of dicyclohexyl ether. The lutter fraction yielded
crystals of dicyclohexyl adipate, meltinz point 36°, identical with the preduct
of known constitution. After -{itration under wilder conditions, fraction III
yielded cyclohexyl nitrate, vith a boiling point of 8g° at 30 rm,subsequently
to removing the nitroeyclohexane with a caustie solution.
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